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(54) Device for symbol synchronisation in digital communications 



(57) A synchronization device includes a first sec- 
tion tor generating a predetermined signal. A second 
section is operative for detecting a correlation between 
a received signal and the predetermined signal gener- 
ated by the first section for every sample interval. A third 
section is operative for selecting a correlation from 



among correlations detected by the second section for 
sample intervals of equal time positions in successive 
symbol intervals respectively. The correction selected 
by the third section has a given order number regarding 
an order in which the correlations are arranged accord- 
ing to magnitude. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

This invention relates to a synchronization device 
for a digital-communication radio receiver. 

Description of the Prior Art 

In typical digital communications by radio, informa- 
tion is transmitted symbol by symbol. For accurate 
recovery of transmitted information, it is important to 
acquire symbol synchronization between a transmitter 
and a receiver. Generally, a receiver has a device for 
automatically synchronizing a symbol timing signal (a 
symbol clock signal) with a received information signal. 

In some of digital-communication radio systems, a 
transmitter adds a given pattern signal to a head of a 
transmitted signal. The given pattern signal is used by a 
receiver to acquire symbol synchronization. 

A typical synchronization device in a receiver has a 
correlator subjected to a pair of a reference pattern in- 
phase signal and a reference pattern quadrature signal, 
and also a pair of a received in-phase signal and a 
received quadrature signal. A pair of the reference pat- 
tern in-phase signal and the reference pattern quadra- 
ture signal corresponds to a given pattern signal 
generated in a transmitter. The correlator periodically 
calculates the value of in-phase correlation between a 
pair of the reference pattern in-phase signal and the ref- 
erence pattern quadrature signal and a pair of the 
received in-phase signal and the received quadrature 
signal. Also, the correlator periodically calculates the 
value of quadrature correlation between a pair of the 
reference pattern in-phase signal and the reference pat- 
tern quadrature signal and a pair of the received in- 
phase signal and the received quadrature signal. Fur- 
thermore, the correlator periodically calculates the 
power of the in-phase correlation value and the quadra- 
ture correlation value. The typical synchronization 
device has a section for comparing every calculated 
power with a threshold power. A phase of a symbol tim- 
ing signal (a symbol clock signal) is controlled or deter- 
mined in response to a moment at which the calculated 
power increases above the threshold power. 

Japanese published unexamined patent application 
7-250120 discloses a synchronization circuit including a 
correlator subjected to a unique-word signal and a 
received signal. The correlator periodically calculates 
the absolute value of correlation between the unique- 
word signal and the received signal. A buffer memory is 
loaded with a plurality of the calculated correlation val- 
ues. In the synchronization circuit of Japanese applica- 
tion 7-250120, a peak detector selects the first greatest 
correlation value out of the calculated correlation values 
in the buffer memory. The peak detector also decides a 
time position corresponding to the first greatest correla- 
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tion value. The synchronization circuit in Japanese 
application 7-250120 includes a judgment section which 
searches the buffer memory for the second greatest 
correlation value. If the second greatest correlation 

5 value exceeds a threshold value equal to the first great- 
est correlation value multiplied by a given proportion 
factor and the time position corresponding to the sec- 
ond greatest correlation value precedes the time posi- 
tion of the first greatest correlation value, the time 

j o position of the second greatest correlation value is used 
as a synchronization timing. Otherwise, the time posi- 
tion of the first greatest correlation value is used as the 
synchronization timing. 

15 SUMMARY OF THE INVENTION 

It is an object of this invention to provide an 
improved synchronization device. 

A first aspect of this invention provides a synchroni- 

so zation device comprising first means for generating a 
predetermined signal; second means for detecting a 
correlation between a received signal and the predeter- 
mined signal generated by the first means for every 
sample interval; and third means for selecting a correla- 

25 tion from among correlations detected by the second 
means for sample intervals of equal time positions in 
successive symbol intervals respectively, wherein the 
correction selected by the third means has a given order 
number regarding an order in which the correlations are 

30 arranged according to magnitude. 

A second aspect of this invention provides a syn- 
chronization device comprising first means for generat- 
ing a predetermined signal; second means for detecting 
a correlation between a received signal and the prede- 

35 termined signal generated by the first means for every 
sample interval; third means for selecting a con-elation 
from among correlations detected by the second means 
for sample intervals of equal time positions in succes- 
sive symbol intervals respectively, wherein the correc- 

40 tion selected by the third means has a given order 
number regarding an order in which the correlations are 
arranged according to magnitude; fourth means for gen- 
erating a reference signal representing a predetermined 
threshold value; and fifth means for comparing the cor- 

45 relation selected by the third means with the threshold 
value represented by the reference signal. 

A third aspect of this invention provides a synchro- 
nization device comprising first means for generating a 
predetermined signal; second means for detecting a 

50 correlation between a received signal and the predeter- 
mined signal generated by the first means for every 
sample interval; third means for selecting a correlation 
from among correlations detected by the second means 
for sample intervals of equal time positions in succes- 

55 sive symbol intervals respectively, wherein the correc- 
tion selected by the third means has a given order 
number regarding an order in which the correlations are 
arranged according to magnitude; fourth means for gen- 
erating a reference signal representing a predetermined 
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threshold value; fifth means for comparing the correla- 
tion selected by the third means with the threshold value 
represented by the reference signal; sixth means for 
generating a time signal representing time which is 
updated for every sample interval; and seventh -means s 
for calibrating the time represented by the time signal in 
response to a result of the comparing by the fifth means. 

A fourth aspect of this invention provides a synchro- 
nization device comprising first means for generating a 
predetermined signal; second means for detecting a 10 
correlation between a received signal and the predeter- 
mined signal generated by the first means for every 
sample interval; third means for selecting a correlation 
from among correlations detected by the second means 
for sample intervals of equal time positions in succes- 15 
sive symbol intervals respectively, wherein the correc- 
tion selected by the third means has a given order 
number regarding an order in which the correlations are 
arranged according to magnitude; fourth means for gen- 
erating a-reference signal representing a predetermined 20 
threshold value; fifth means for comparing the correla- 
tion selected by the third means with the threshold value 
represented by the reference signal; and sixth means 
for inhibiting the third means from effectively operating 
in response to a result of the comparing by the fifth 25 
means. 

A fifth aspect of this invention is based on the first 
aspect thereof, and provides a synchronization device 
wherein the third means comprises means for selecting 
a second greatest correlation from among correlations 30 
detected by the second means for sample intervals of 
equal time positions in a given number of successive 
symbol intervals. 

A sixth aspect of this invention is based on the first 
aspect thereof, and provides a synchronization device 35 
wherein the third means comprises means for selecting 
a correlation from among correlations except a greatest 
correction which are detected by the second means for 
sample intervals of equal time positions in a given 
number of successive symbol intervals. <o 

A seventh aspect of this invention is based on the 
first aspect thereof, and provides a synchronization 
device wherein a number of the successive symbol 
intervals is predetermined. 

45 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram of a synchronization 
device according to a first embodiment of this invention. 

Fig. 2 is a diagram of an example of the format of a so 
transmitted radio signal. 

Fig. 3 is a time-domain diagram of a first example of 
a correlation power periodically calculated in the syn- 
chronization device of Fig. 1 . 

Fig. 4 is a time-domain diagram of a second exam- 55 
pie of the correlation power periodically calculated in the 
synchronization device of Fig. 1. 

Fig. 5 is a time-domain diagram of a third example 
of the correlation power periodically calculated in the 



synchronization device of Fig. 1 . 

Fig. 6 is a time-domain diagram of a fourth example 
of the correlation power periodically calculated in the 
synchronization device of Fig. 1 . 

Fig. 7 is a block diagram of a synchronization 
device according to a second embodiment of this inven- 
tion. 

Fig. 8 is a block diagram of a synchronization 
device according to a third embodiment of this inven- 
tion. 

Fig. 9 is a time-domain diagram of an example of a 
correlation power periodically calculated in the synchro- 
nization device of Fig. 8. 

Fig. 10 is a block diagram of a synchronization 
device according to a fourth embodiment of this inven- 
tion. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

First Embodiment 

With reference to Fig. 1, a pair of a received in- 
phase signal (a received l-channel signal) and a 
received quadrature signal (a received Q-channel sig- 
nal) are fed to analog-to-digital converters 3 and 4 
respectively. Generally, the received in-phase signal 
and the received quadrature signal are derived from a 
.received radio signal by a demodulator (not shown). 
The analog-to-digital converters 3 and 4 are referred to 
as the A/D converters 3 and 4. A basic clock pulse sig- 
nal (a sample clock signal) having a predetermined high 
frequency is applied to the A/D converters 3 and 4. The 
received in-phase signal is periodically changed by the 
A/D converter 3 into a digital received in-phase signal at 
a timing determined by the basic clock pulse signal. The 
received quadrature signal is periodically changed by 
the A/D converter 4 into a digital received quadrature 
signal at a timing determined by the basic clock pulse 
signal. 

A correlation circuit 6 follows the A/D converters 3 
and 4. The correlation circuit 6 includes a memory 7, a 
correlator 10, a memory 11, and a calculator 16. The 
input side of the memory 7 follows the A/D converters 3 
and 4. The output side of the memory 7 is connected to 
a first input side of the correlator 10. The memory 1 1 is 
connected to a second input side of the correlator 10. 
The output side of the correlator 10 is connected to the 
input side of the calculator 16. 

The memory 7, the correlator 10, the memory 11, 
and the calculator 16 in the correlation circuit 6 receive 
the basic clock pulse signal. The memory 7, the correla- 
tor 10, the memory 1 1 . and the calculator 1 6 operate in 
response to the basic clock pulse signal so that timings 
of operation thereof are controlled by the basic clock 
pulse signal. 

A pair of the digital received in-phase signal and the 
digital received quadrature signal are written into the 
memory 7 from the A/D converters 3 and 4 sample by 
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sample. Here, "sample" corresponds in time interval to 
"symbol" divided by a given natural number, for exam- 
ple, 2, 4, 8, or 10. For each of the digital received in- 
phase signal and the digital received quadrature signal, 
the memory 7 has a capacity corresponding to a given 
number "L" of samples. Accordingly, "L" successive 
samples of each of the digital received in-phase signal 
and the digital received quadrature signal are stored in 
the memory 7. The given number "L" of samples corre- 
sponds to one symbol. Each time a pair of new samples 
of the digital received in-phase signal and the digital 
received quadrature signal is written into the memory 7, 
a pair of the oldest samples thereof is erased from the 
memory 7. The memory 7 serves as a shift register. 

The memory 1 1 stores a pair of a reference in- 
phase signal and a reference quadrature signal corre- 
sponding to one symbol. A pair of the reference in- 
phase signal and the reference quadrature signal in the 
memory 1 1 represents a given symbol {a symbol in a 
given state) for the acquisition of symbol synchroniza- 
tion. Each of the reference in-phase signal and the ref- 
erence quadrature signal in the memory 1 1 is divided 
into "L" 1 -sample corresponding segments. 

The correlator 10 implements a sequence of the fol- 
lowing processes for every sample interval. The correla- 
tor 10 reads out "L" samples of each of the digital 
received in-phase signal and the digital received quad- 
rature signal from the memory 7. The correlator 10 
reads out V 1 -sample corresponding segments of 
each of the reference in-phase signal and the reference 
quadrature signal from the memory 11. The correlator 
10 calculates the value "combf of in-phase correlation 
between a pair of the received in-phase signal and the 
received quadrature signal and a pair of the reference 
in-phase signal and the reference quadrature signal 
according to an equation as follows. 

L 

comb, = Re[£sw(i) x r(i)*] (1) 

i=1 

L 

= £{sw,(i) x r,(i) + sw Q (i) x r Q (i)} 

where "r(i)*" denotes a conjugate complex number with 
respect to the complex number "r(i)"; "sw(i)" denotes a 
sample of a pair of the received in-phase signal and the 
received quadrature signal; "r(i)" denotes a 1 -sample 
corresponding segment of a pair of the reference in- 
phase signal and the reference quadrature signal; 
"sw|(i)" denotes a sample of the received in-phase sig- 
nal; "sw Q (i)' denotes a sample of the received quadra- 
ture signal; "rfiY denotes a 1 -sample corresponding 
segment of the reference in-phase signal; and "ro(i)" 
denotes a 1 -sample corresponding segment of the ref- 
erence quadrature signal. The correlator 10 calculates 
the value "comb Q " of quadrature correlation between a 
pair of the received in-phase signal and the received 
quadrature signal and a pair of the reference in-phase 



signal and the reference quadrature signal according to 
an equation as follows. 

L 

5 comb Q = lm[^sw(i) x r(i)*] (2) 

M 

L 

= 2>w Q (i) *',(•)-»» i© xr Q (i)] 
i=i 

10 

The calculator 16 is informed of the in-phase corre- 
lation value "comb|" and the quadrature correlation 
value "comb Q " by the correlator 10. For every sample 
interval, the calculator 16 computes the power "comb" 
75 of the in-phase correlation value "combf and the quad- 
rature correlation value "comb Q " by referring to the fol- 
lowing equation. 

2 2 

comb = comb ( + comb Q (3) 

so 

The calculator 16 outputs a data piece representing the 
computed correlation power "comb". 

An error suppression circuit 18 follows the correla- 
tion circuit 6. The error suppression circuit 18 includes a 

25 memory 1 9, an address controller 20. and a selector 23. 
The input side of the memory 19 is connected to the 
output side of the calculator 16 in the correlation circuit 
6. The output side of the memory 1 9 is connected to the 
input side of the selector 23. The address controller 20 

30 is connected to the memory 1 9. The output side of the 
selector 23 leads to a circuit (not shown) for producing a 
symbol clock signal (a symbol timing signal). 

The memory 19, the address controller 20, and the 
selector 23 in the error suppression circuit 18 receive 

35 the basic clock pulse signal. The memory 19, the 
address controller 20. and the selector 23 operate in 
response to the basic clock pulse signal so that timings 
of operation thereof are controlled by the basic clock 
pulse signal. 

40 The output data from the calculator 1 6 in the corre- 
lation circuit 6 is stored into the memory 19 sample by 
sample. The memory 19 has a capacity corresponding 
to a given number "M" of symbols, for example, 4 sym- 
bols. Accordingly, "L> M" successive output data pieces 

45 from the calculator 16 are stored in the memory 19, 
where "L" denotes the number of samples in a 1 -symbol 
time interval (a symbol interval). The address controller 
20 outputs an address signal to the memory 19 to 
implement address control of the memory 19. The 

so address control of the memory 1 9 is designed so that a 
newest output data piece from the calculator 16 is writ- 
ten over the oldest data piece. Thus, each time of a 
newest output data piece from the calculator 16 is 
stored into the memory 19. the oldest data piece is 

55 erased from the memory 19. Also, the address control 
of the memory 19 is designed to implement the follow- 
ing process. Immediately after the newest output data 
piece from the calculator 16 is stored into the memory 
19, the given number "M" of data pieces, for example, 
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four data pieces, are read out from the memory 19 and 
are fed to the selector 23. The data pieces read out from 
the memory 19 include the newest data piece, a data 
piece which occurs at a moment preceding the moment 
of the occurrence of the newest data piece by a 1 -sym- 
bol time interval, a data piece which occurs at a moment 
preceding the moment of the occurrence of the newest 
data piece by a 2-symbol time interval, and a data piece 
which occurs at a moment preceding the moment of the 
occurrence of the newest data piece by a 3-symbol time 
interval. Thus, the data pieces read out from the mem- 
ory 19 correspond to equal sample time positions within 
successive 1 -symbol time intervals. In this way, for 
every sample interval (every 1 -sample time interval), 
the given number "M" of data pieces, for example, four 
data pieces, are read out from the memory 19 and are 
fed to the selector 23. To implement this reading proc- 
ess, the memory 19, the address controller 20. and the 
selector 23 may operate in response to a sub-sample 
clock signal having a predetermined frequency higher 
than the frequency of the basic clock pulse signal. 

For example, the computed correlation powers rep- 
resented by the four output data pieces from the mem- 
ory 19 are expressed as follows. 

x(iL + j). x((i - 1)L + j). x((i - 2)L + j). x((i - 3)L + j) (4) 

where "(iL + j)". "((i - 1 )L + j)". "((i - 2)L + j)", and "((i - 3)L 
+ j")" denote the moments of the occurrence of the 
related computed correlation powers "x" respectively. In 
addition, "(iL + j)" denotes the moment corresponding to 
the newest data piece. Furthermore, T denotes an 
order number for a symbol (also referred to as a frame), 
and "j" denotes an order number for a sample within a 
symbol interval. 

The selector 23 receives the output data pieces 
from the memory 1 9. For every sample interval (every 1 - 
sample time interval), the selector 23 chooses one from 
among the received data pieces, and outputs the cho- 
sen data piece. The chosen data piece has a given 
order number "N" regarding an order in which the 
received data pieces are arranged according to magni- 
tude of computed correlation power represented 
thereby. For example, the selector 23 compares the 
computed correlation powers represented by the 
received data pieces. Then, the selector 23 chooses 
one from among the received data pieces which repre- 
sents the second greatest computed correlation power. 
Alternatively, the selector 23 may choose one from 
among the received data pieces which represents the 
third or fourth greatest computed correlation power. 

Generally, a synchronization-acquisition given-pat- 
tern signal added in a transmitted radio signal repre- 
sents a predetermined number "K" of successive given 
symbols, for example, four successive given symbols. It 
is usual that during the reception of such a given pattern 
signal, the computed correlation power periodically 
peaks above a certain value at the predetermined 
number "K" of moments (for example, four moments) 



spaced by 1 -symbol time intervals. 

Fig. 2 shows an example of the format of a transmit- 
ted radio signal. With reference to Fig. 2, the transmitted 
radio signal represents a sequence of ten symbols 
5 including four successive given symbols. The ten sym- 
bols are sequentially numbered as "0". "1". "2". "3". "4", 
"5°, "6", T. "8", and "9". Each of the symbols "2". "3", 
"4", and "5" is equal to the given symbol. 

Under some conditions, a radio signal from a trans- 
w mitter is propagated to a receiver via a plurality of paths 
having different lengths respectively. A shorter path 
causes a preceding wave component of the radio signal 
while a longer path causes a delayed wave component 
thereof. Generally, the shorter path agrees with a direct 
15 path, and the preceding wave component of the radio 
signal is a direct wave component thereof. The preced- 
ing wave component (the direct wave component) of the 
radio signal reaches the receiver before the delayed 
wave component thereof reaches the receiver. Usually, 
20 during the propagation along the longer path, the radio 
signal is reflected by a building, a mountain, or the like. 
The computed correlation power tends to be adversely 
affected by such a delayed wave component. 

In the case where the present symbol represented 
25 by a radio signal from a transmitter to a receiver closely 
resembles the given symbol, the related computed cor- 
relation power tends to peak to a great value. 

Fig. 3 shows an example of a time-domain variation 
in the computed correlation power which occurs in 
so response to the reception of a given pattern signal dur- 
ing a present 1 -frame interval (a present 1 -symbol inter- 
val) "i". Fig. 4 shows an example of a time-domain 
variation in the computed correlation power which 
occurs in response to the reception of the given pattern 
35 signal during an immediately-preceding 1 -frame interval 
(an immediately-preceding 1 -symbol interval) "i-1". Fig. 
5 shows an example of a time-domain variation in the 
computed correlation power which occurs in response 
to the reception of the given pattern signal during a sec- 
40 ond immediately-preceding 1 -frame interval (a second 
immediately-preceding 1 -symbol interval) "i-2". Fig. 6 
shows an example of a time-domain variation in the 
computed correlation power which occurs in response 
to the reception of the given pattern signal during a third 
45 immediately-preceding 1 -frame interval (a third immedi- 
ately-preceding 1 -symbol interval) "i-3". 

In each of Figs. 3. 4, 5. and 6, the computed corre- 
lation power is to peak at a moment corresponding to a 
sample order number "5" within a 1 -symbol time inter- 
so val. With reference to Fig. 3, a delayed wave component 
causes the computed correlation power available at the 
moment of the sample order number "5", to peak to only 
a small value. On the other hand, in each of Figs. 4, 5. 
and 6. the computed correlation power available at the 
55 moment of the sample order number "5" peaks to great 
values. In Fig. 4, a symbol represented by a transmitted 
radio signal which closely resembles the given symbol 
causes the computed correlation power to peak to a 
great value at a moment corresponding to a sample 
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order number "8". In Fig. 5, a symbol represented by a 
transmitted radio signal which closely resembles the 
given symbol causes the computed correlation power to 
peak to a great value at a moment corresponding to a 
sample order number "7". In Fig. 6, a symbol repre- 
sented by a transmitted radio signal which closely 
resembles the given symbol causes the computed cor- 
relation power to peak to a great value at a moment cor- 
responding to a sample order number "2". 

As previously described, the selector 23 receives 
the four data pieces from the memory 19 which corre- 
spond to equal sample time positions within successive 
four 1 -symbol time intervals. The selector 23 chooses 
one from among the received data pieces which repre- 
sents the second greatest computed correlation power. 
The computed correlation power available at the 
moment of the sample order number "8" in Fig. 4 is not 
the second greatest among the computed correlation 
powers available at the moments of the sample order 
number "&'-• in Figs. 3, 4, 5, and 6. Accordingly, the 
selector 23 does not choose the peak of the computed 
correlation power at the moment of the sample order 
number "8" in Fig. 4. The computed correlation power 
available at the moment of the sample order number "7" 
in Fig. 5 is not the second greatest among the computed 
correlation powers available at the moments of the sam- 
ple order number "7" in Figs. 3, 4. 5, and 6. Accordingly, 
the selector 23 does not choose the peak of the com- 
puted correlation power at the moment of the sample 
order number "7" in Fig. 5. The computed correlation 
power available at the moment of the sample order 
number "2" in Fig. 6 is not the second greatest among 
the computed correlation powers available at the 
moments of the sample order number "2" in Figs. 3, 4, 
5. and 6. Accordingly, the selector 23 does not choose 
the peak of the computed correlation power at the 
moment of the sample order number "2" in Fig. 6. On 
the other hand, the computed correlation power availa- 
ble at the moment of the sample order number "5", in 
Fig. 4, Fig. 5, or Fig. 6 is the second greatest among the 
computed conelation powers available at the moments 
of the sample order number "5" in Figs. 3, 4, 5, and 6. 
Accordingly, the selector 23 chooses the peak of the 
computed correlation power at the moment of the sam- 
ple order number "5" in Fig. 4, Fig. 5, or Fig. 6. In this 
way, the selector 23 accepts a desired peak of the com- 
puted correlation power while rejecting false peaks of 
the computed correlation power. 

A decision circuit may follow the selector 23 in the 
error suppression circuit 18. For every sample interval, 
the decision circuit receives the output data piece from 
the selector 23 which represents the computed correla- 
tion power (the second greatest computed correlation 
power). The decision circuit includes a comparator. For 
every sample interval, the comparator in the decision 
circuit determines whether or not the computed correla- 
tion power is greater than a predetermined threshold 
value. When the computed correlation power is equal to 
or smaller than the threshold value, the decision circuit 



outputs a signal of "1" as an indication of disagreement 
between a symbol represented by a pair of the received 
in-phase signal and the received quadrature signal and 
the given symbol represented by a pair of the reference 

5 in-phase signal and the reference quadrature signal. On 
the other hand, when the computed correlation power is 
greater than the threshold value, the decision circuit out- 
puts a signal of "0" as an indication of agreement 
between a symbol represented by a pair of the received 

10 in-phase signal and the received quadrature signal and 
the given symbol represented by a pair of the reference 
in-phase signal and the reference quadrature signal. 

The output signal of the decision circuit may be fed 
to a signal generator (not shown) for producing a sym- 

75 bcJ clock signal (a symbol timing signal). The signal 
generator controls the phase of the produced symbol 
clock signal in response to the output signal of the ded- 
sion circuit to synchronize the symbol clock signal with 
the received signal. 

so 

Second Embodiment 

Fig. 7 shows a second embodiment of this invention 
which is similar to the embodiment of Fig. 1 except for 
25 an additional arrangement explained hereinafter. The 
embodiment of Fig. 7 includes a comparator 25 and a 
memory 26. 

The comparator 25 follows a selector 23 in an error 
suppression circuit 18.. For every sample interval, the 

30 comparator receives the output data piece from the 
selector 23 which represents a computed correlation 
• power (a second greatest computed correlation power). 
The memory 26 stores a signal representing a predeter- 
mined threshold value. The memory 26 is connected to 

35 the comparator 25. The memory 26 informs the compa- 
rator 25 of the threshold value. For every sample inter- 
val, the comparator 25 determines whether or not the 
computed correlation power is greater than the thresh- 
old value. When the computed correlation power is 

40 equal to or smaller than the threshold value, the compa- 
rator 25 outputs a signal of "1" as an indication of disa- 
greement between a symbol represented by a pair of 
the received in-phase signal and the received quadra- 
ture signal and the given symbol represented by a pair 

45 of the reference in-phase signal and the reference 
quadrature signal. On the other hand, when the com- 
puted correlation power is greater than the threshold 
value, the comparator 25 outputs a signal of "0" as an 
indication of agreement between a symbol represented 

so by a pair of the received in-phase signal and the 
received quadrature signal and the given symbol repre- 
sented by a pair of the reference in-phase signal and the 
reference quadrature signal. 

The output signal of the comparator 25 may be fed 

55 to a signal generator (not shown) for producing a sym- 
bol clock signal (a symbol timing signal). The signal 
generator controls the phase of the produced symbol 
clock signal in response to the output signal of the deci- 
sion circuit to synchronize the symbol clock signal with 
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the received signal. 
Third Embodiment 

Fig. 8 shows a third embodiment of this invention 5 
which is similar to the embodiment of Fig. 7 except for 
an additional arrangement explained hereinafter. The 
embodiment of Fig. 8 includes a reception frame control 
circuit (a reception window control circuit) 30. 

The reception frame control circuit 30 has a counter jo 
31, a memory 32, and a decoder 35. The counter 31 
receives a sample clock signal (a basic clock pulse sig- 
nal), and counts every pulse in the sample clock signal. 
The counter 31 also receives the output signal of a com- 
parator 25. The memory 32 stores a signal representing is 
a given time point within a 1 -symbol time interval. The 
given time point agrees with a moment at which a com- 
puted correlation power is to peak. The given time point 
corresponds to. for example, a sample order number "5" 
(see Figs. 3, 4, 5, and 6). The memory 32 is connected so 
to the counter 31. The memory 32 informs the counter 
31 of the given time point within a 1 -symbol time inter- 
val. The decoder 35 follows the counter 31 . 

Fig. 9 shows an example of a time-domain variation 
in a computed correlation power which is represented 25 
by the output signal of a selector 23 in an error suppres- 
sion circuit 18. The time-domain variation in Fig. 9 
occurs in response to the reception of a given pattern 
signal during a 1 -frame interval (a 1 -symbol interval). 

With reference to Fig. 9, at the moment of the sam- 30 
pie order number "5", the computed correlation power 
exceeds a predetermined threshold value so that the 
logic state of the output signal of the comparator 25 
changes. This change in the output signal of the compa- 
rator 25 enables the counter 31 to be loaded with the 35 
signal of the given time point within a 1 -symbol time 
interval. Thereby, the sample pulse counted number 
provided by the counter 31 is set into correspondence 
with the given time point within a 1 -symbol time interval. 
Thus, calibration of a measured time point within a 1- <o 
symbol time interval is implemented. Then, the sample 
pulse counted number represented by the output signal 
of the counter 31 changes from the number of the given 
time point in response to every pulse in the sample 
clock signal. The decoder 35 receives the output signal « 
of the counter 31 , and decodes the output signal of the 
counter 31 into a suitable time-representing signal. The 
decoder 35 outputs the time-representing signal to a 
correlation circuit 6 and the error suppression circuit 1 8. 

For example, the change in the sample pulse so 
counted number has a cycle corresponding to the 
number of 1 -sample time intervals composing a 1 -sym- 
bol time interval (for example, ten 1-sample time inter- 
vals). In this case, the output signal of the counter 31 or 
the output signal of the decoder 35 represents a time 55 
point within a 1 -symbol time interval which sequentially 
and cyclically changes among sample order numbers 
"0", "1", "2", "3", "4", "5", "6", "7", "8", and "9" (see Figs. 
3. 4. 5, 6. and 9). 



Fourth Embodiment 

Fig. 10 shows a fourth embodiment of this invention 
which is similar to the embodiment of Fig. 8 except for 
an additional arrangement explained hereinafter. The 
embodiment of Fig. 10 includes a switch 37. The switch 
37 selects one out of the output signal of a calculator 16 
in a correlation circuit 6 and the output signal of a selec- 
tor 23 in an error suppression circuit 18, and transmits 
the selected signal to a comparator 25. The switch 37 
responds to the output signal of the comparator 25. 

Normally, the switch 37 selects the output signal of 
the selector 23 and transmits the same to the compara- 
tor 25. When the computed correlation power repre- 
sented by the output signal of the selector 23 exceeds a 
predetermined threshold value, the logic state of the 
output signal of the comparator 25 changes. This 
change in the output signal of the comparator 25 ena- 
bles the switch 37 to select the output signal of the cal- 
culator 1 7 rather than the output signal of the selector 
23. Thus, after symbol synchronization has been 
acquired, the error suppression circuit 18 is inhibited 
from acting on a symbol synchronization process. 

When symbol synchronization is lost or when com- 
munication is changed to a new frequency channel, the 
switch 37 is changed to select the output signal of the 
selector 23 again. In this case, the error suppression cir- 
cuit 18 restarts to effectively operate. 

A synchronization device includes a first section for 
generating a predetermined signal. A second section is 
operative for detecting a correlation between a received 
signal and the predetermined signal generated by the 
first section for every sample interval. A third section is 
operative for selecting a correlation from among correla- 
tions detected by the second section for sample inter- 
vals of equal time positions in successive symbol 
intervals respectively. The correction selected by the 
third section has a given order number regarding an 
order in which the correlations are arranged according 
to magnitude. 

Claims 

1 . A synchronization device comprising: 

first means for generating a predetermined sig- 
nal; 

second means for detecting a correlation 
between a received signal and the predeter- 
mined signal generated by the first means for 
every sample interval; and 
third means for selecting a correlation from 
among correlations detected by the second 
means for sample intervals of equal time posi- 
tions in successive symbol intervals respec- 
tively, wherein the correction selected by the 
third means has a given order number regard- 
ing an order in which the correlations are 
arranged according to magnitude. 
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A synchronization device comprising: 

first means for generating a predetermined sig- 
nal; 

second means for detecting a correlation 5 
between a received signal and the predeter- 
mined signal generated by the first means for 
every sample interval; 

third means for selecting a correlation from 
among correlations detected by the second 10 
means for sample intervals of equal time posi- 
tions in successive symbol intervals respec- 
tively, wherein the correction selected by the 
third means has a given order number regard- 
ing an order in which the correlations are rs 
arranged according to magnitude; 
fourth means for generating a reference signal 
representing a predetermined threshold value; 5. 
and 

fifth means for comparing the correlation 20 
selected by the third means with the threshold 
value represented by the reference signal. 

A synchronization device comprising: 

25 6. 

first means for generating a predetermined sig- 
nal; 

second means for detecting a correlation 
between a received signal and the predeter- 
mined signal generated by the first means for 30 
every sample interval; 

third means for selecting a correlation from 
among correlations detected by the second 7. 
means fa sample intervals of equal time posi- 
tions in successive symbol intervals respec- 35 
tively, wherein the correction selected by the 
third means has a given order number regard- 
ing an order in which the correlations are 
arranged according to magnitude; 
fourth means for generating a reference signal 40 
representing a predetermined threshold value; 
fifth means for comparing the correlation 
selected by the third means with the threshold 
value represented by the reference signal; 
sixth means for generating a time signal repre- 4s 
serrting time which is updated for every sample 
interval; and 

seventh means for calibrating the time repre- 
sented by the time signal in response to a 
result of the comparing by the fifth means. so 

A synchronization device comprising: 

first means for generating a predetermined sig- 
nal; 55 
second means for detecting a correlation 
between a received signal and the predeter- 
mined signal generated by the first means for 
every sample interval; 



third means for selecting a correlation from 
among correlations detected by the second 
means for sample intervals of equal time posi- 
tions in successive symbol intervals respec- 
tively, wherein the correction selected by the 
third means has a given order number regard- 
ing an order in which the correlations are 
arranged according to magnitude; 
fourth means for generating a reference signal 
representing a predetermined threshold value; 
fifth means for comparing the correlation 
selected by the third means with the threshold 
value represented by the reference signal; and 
sixth means for inhibiting the third means from 
effectively operating in response to a result of 
the comparing by the fifth means. 

A synchronization device as recited in claim 1, 
wherein the third means comprises means for 
selecting a second greatest correlation from among 
correlations detected by the second means for 
sample intervals of equal time positions in a given 
number of successive symbol intervals. 

A synchronization device as recited in daim 1, 
wherein the third means comprises means for 
selecting a correlation from among correlations 
except a greatest correction which are detected by 
the second means for sample intervals of equal 
time positions in a given number of successive 
symbol intervals. 

A synchronization device as recited in claim 1, 
wherein a number of the successive symbol inter- 
vals is predetermined. 
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ated by the first section for every sample interval. A third 
section is operative for selecting a correlation from 
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sample intervals of equal time positions in successive 
symbol intervals respectively. The correction selected 
by the third section has a given order number regarding 
an order in which the correlations are arranged accord- 
ing to magnitude. 
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